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(57) Abstract 

A method of praducing high dendiy anays of taiget 
substances compiising tlie step cf sectioning a bundle of tar- 
get-strands, wherein the target-strands comprise tite target sub- 
stances, and wtexein the sec^ooing results in a plurality of high 
density arrays. Additionally, the method can faichide ftfklttinnal 
steps, such as stabUizing the target-strands or bundles, incorpo- 
rating one or more additional materiais Into die high density array, 
and imerrogathig the high density snay. Also, a high density ar- 
ray produced according to the method. 
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MEHCHOD OF MAKING HIGH DENSTTY ARRAYS 

BACKCatOUND 

Higb density anays of immobilized natu^ 
tfie simultaneous screemng of analytes for tiiepr^^ Suchhigh 
density airays have proven usefid io a vari^ of technological fields indudiag chemistry, 
genres, immunology^ material sdenoes, medidne, molecular biology and pharmaoolpgy. 
For ejcample^ high deimty arrays of nucleic adds are used to ascertain gene sequences^ to 
detect the presence of genetic mutations and to detect the qualitative and quantitative 
differential expression of gene pnxhicts. Similaily, high den^ arrays of peptides are used 
to m^ epitopic sequences diat elidt immune responses. Furdier, arrays of targ^ substances 
are used to identify compounds for the development of pharmacraitical agents. 

Currently, m^ods for the construction of high density arrays of test 
substances are generally of two types. Ekrst, arrays are constructed by individually flying 
jmfbrmed natural or synflietic target aibstances, such as biomolecules/ directly to specific 
locaticms cm a siq)port Supports indude membranes of nitrocdlulose, nylon, polyvinylidine 
difluoiide, glass, silicon or other materials^ and the target substances can be immobilized to 
the si^iport by exposing the support to ultraviolet radiation or by baking the support, among 
other techniques. One such method is disdosed in Pietu et al., *Novd Gene Transcripts 
Preferentially Expressed in Human Musdes Revealed by Quantitative Hybridizaticm of a 
High Density cDNA Array," Cemme Research (1996) 6: 492-503, incorporated herein by 
reference in its entirety. Various devices have been devised to automate the application 
method. 

The second method of constructing high den^ty arrays involves synthesizing 
individual target substances at specific locations in situ on a support. In one version of this 
method, photosynthetic chemistry is used to simultaneously prquue series of different target 
substances at unique locations on the support In another version of this method, target 
substances are synthesizied by i^ysicaUy masking or blocking sdected areas a support and 
the desired chemical synthesis reaction is carried out on the uft^'^^ked portion of the support. 
Examples of this method are disdosed in, Fodor ^ d., *'Ught*I>irectBd, Spat^ 
Addressable ParaM Chranical Syntheses," Sdence (1991) 251:767-777; United States Patent 
5,436,327; and Southern, B.M. et al., " Analyzing and Comparing Nuddc Add Sequences 
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by Hyfaiidization to Anays of Oligtmudeotides; Evaluation ludng Bxperimental Models/ 
Genomes (1992) 13: lOOS-1017, inoorpoiated herdn by referaice in tfadr entiiety. 

Both m^bods of constructing hi^ density arrays are associatfiri with sevexal 
disadvantages. First, ttie methods can only produce a ndatively limited number of identical 
arrays at one time. Secradly, it is difiicult to check the arrays being produced by these 
methods durii^ production to determine the int^ty of the production stqps. Thml, many 
pc^ential target substances cannot be applied to siqyports and cannot be synthesized in situ on 
supports by currmtiy used mediods* Further, arrays conqx>sed of test substances fiom moze 
than one diraiical cat^ory, such as arrays of pq^tides and nudeic add test substances, are 
DOtdescribed. Also, the methods axe raly capable ofpn)ducing arrays of target substances in 
a layer having a relatively limited thickness. Additionally, each mediod can prcxiuce anays 
of target substance zone dimensions having only relativdy limited sizes. 

Therefore, there is a need for an alternate method of producing high density 
arrays which does not have the disadvantages inherent in the known me&ods of high density 
array productkm. For example, the method should preferably be able to prcxh^ 
numbers of identical arrays simultaneously, nqndly and cost effiectivdy . The method should 
be able to use a wide variety of target substances and supports, induding test substances and 
supports that cannot be incorporated into arrays by presently used methods. The method 
should be able to produce arrays in more than two dimen^ons, in varying thicknesses and 
sizes, and in configurations odier than a planar configuration. Additionally, the method 
should be able to produce arrays having a variety of targ^ substance zone dimensions, 
yncfad^ng dissdmilarly sized zones for difBerent target substances in an array. Also, the 
m^hod should be able to produce high density arrays of test substances from different 
categories or chf*T^^^^^ i^rllam^, sudi as arrays of peptide and nuddc add test substances. 
Further, tl» method should be able to use preformed target substances or to use target 
substances that are synthesized in as necessary, to incorporate the advantages of these 
m^bods. 

SUMMARY 

According to one aq>ect of the present invention, there is provided a method 
of produdng high den^ty arrays of targ^ substances comprising ^ step of sectioning a 
bundle of target-strands, wherein the taiget-stxands comprise the target substances, and 
herein the sectioning results in a high doisity array. The method can also comprise a step 
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of stabilizing the bundle^ inc oi po x aling an additional matenal into the bundle or intmogating 
the high density anay. 

AlsOf provided is a high density array produced by sectioning a bundle 
plurality of taiget-strands, wherein the plurality target-strands comprise target 
subtfances. Tht high density arrays can have target substances present in cme, two or three 
Carteaan axes. 

Further provided is a method of making a high density array comprising the 
step of rolling a membrane or gfa^i^ng membranes impregnated with lines target substances 
to produce a bundle. Also, provided is a method of ascertaining gene sequmces, detecting 
the presence of genetic mutations^ detecting the qualitative or quantitative diffieiential 
e^qiression of gene products* mqiping epitopic sequences that elicit immune responses* or 
identifying compounds for the development of pharmaceutical agents* u^g the high den^ty 
arrays produced according to the present invention. 

FIGURES 

The features, aspects and advantages of the present invention will become 
better understood with regard to the following description* qspended claims and 
accompanying figures ^Aiere: 

Figures 1 through 3 dq>ict the production of high density arrays using a bundle 
of fibers which comprise target substances according to the present invention; 

Hgures 4 dirough 5 dqnct die producdcm of high density arrays using a bundle 
comprising a membrane having lines of target substances applied on the membrane according 
to the present inventicm; 

Figures 6 through 8 depict the production of high density arrays using a bundle 
comprising a jdurality of membranes having lines of known target substances apphed on the 
membrane according to the present invention; 

Figures 9 through 11 depict the production of high denaty arrays using a 
bundle comprising a rolled membrane having lines of known target substances ^>plied on the 
membrane according to the present inveaition; 

Figures 12 duough 14 d^ct die production of high density arrays using a 
bundle comprisiiig tubes filled widi target substances according to die present inventicm; 

Figure IS is a photogrq)h of an autoradiograph showing the result of a 
hyinidization study performed on an array produced according to the present inventicm; and 



W099A3313 



PCTAJS98n0243 



4 

Hgure 16 is a photpgr^ of an autoradiogn^h ^wing the result of a 
hybridizaticm study performed on another array produced according to the present invention. 

DESCRIPTION 

Aaxirding to one embodiment of the present invention, there is pi^ 
m^bod of making a high density array of target substances for d^ennining the identity or 
properties of analytes or for detenniniqg the identity or properties of Ae target substances. 
According to another embodiment of the present invention, there is provided a high density 
array of target substances for determining the identity or propoties of analytes or for 
determining the identity or properties of the target substances. 

As used herein, the term "target substance* refisrs to the compcment of the 
Mgh rfgrtnity nrray that jMtentjfllly interacts with me or more analytes of inteiesL Target 
fflihfft^fK^ can be atoms, mdecules, complex chonicab, organelles, viruses, cells or 
materials, or can be combinaticms of diese entities, or can be ofter entities as will be 
uodostood by those with skiU in the art with refieience to die disclosure For 
example, the target substances of a high density array aoocnding to ttie presmt invention can 
be selected finom one or more of the group of atoms such as zinc, sulfur, and gold; 
biomolecules such as polynucleotides, DNA, RNA, pqytides, proteins, glycoproteins, 
lipoproteins, cartxdiydrates, lipids, inmiimoglobulins, and their synthetic analogs and 
variants; viruses; sub-cellular components such as microdisectBd diromosomes and 
mitodiottdria; cdls including prokaryotic cells, archaebacteria, and eukaryodc cells; and 
mafmals such as metallic alloys, ceramics, glasses, semiconductors, superconductors, 
plastics, polymeric materials, wood, £abric and ocmcrete. 

As used herein, the term ''analyte* refers to an entity whose idoitity or 
properties are to be determined by interactim with tiie target siihitfanccs on a high density 
array accordiiig to the present inventicm. Alternately or simultaneously, die analyte can be 
used to determine die identity or properties of the target substances by intecacdon widi the 
target substances on a high density array according to die present inv^tion. Anzlytss can be 
selected from the same group as target substances, such as proteins or nucleic adds, or can 
be a i^ysical or eoviroomental condition such as one or more condition sel e cted from the 
group consisting of temperature, pH, or salt concentration. 

As used herein, die term "target-strand' refers to a strip of targrt substance. 
These strips can consist entirely of one or more target substances, or can comprise one or 
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imnetargeisubstaxioes wib aaqqxntckracont^^ The taiget substances can be absorbed 
to, adsorbed to, attached to, embedded in, or coated on the support, or contained within the 
container* For example, the taig^-strands can include cast rods of target substances such as 
metal alloys, concre te or plastic, or can taiget substances absorbed onto glass fibers 

5 or alk threads, attadied to polymer fi3)ers, embedded in a porous rod, coated on a metal 
wire, or contained widdn a matrix of gelatin. PurAer, taiget-strands can include lines of 
taiget substances whidi are written, drawn, printed or embossed on a glass slide or on a 
membrane such as a ttun planar sheet of polymeric substance, or on an equivalent support. 
Additionally, taig^-strands can include taiget substances attadied to the inside of tubes. 

10 Asusedherdn, the term "matrix" refers to a material in which target 

substances can be embedded or to whidi target substances can be attadied to supply 
additional structural siqqKnrt, to serve as a spacer, to dis[riay the target substance to the 
analyte, or to influence the interaction b^ween Ae taiget substance and the anaiyte such as 
by electricaliy insulatiDg target substances from each other. Matrices can be polymeric 

IS matfj^g^y such as one or more substances selected from the group consistiiig of aerogel, 
agarose, albumin, gdatin^ hydro-gd and polyacrylamide. 

As used herein, tfie term "bundle* refers to an ordered arrangement or 
assembly of target-strands. For example, a bundle can indude a stack of target-strands 
where each target-strand comprises a tube filled with a target substance, or wheie eadi 

20 target-strand comprises lines of target substances drawn on a membrane, or where each 
taiget-strand comprises a wire of a target substance. 

Method of Producing H}^ Den^ Arrays 
The m^hod of producing high density arrays according to the present 
inventicm comprises the steps of (a) assembling a bundle of taiget-stiands, and (b) secticming 

25 die bundle to produce an array. Additioiudly, the method can include a step of stabilizing the 
target-strands or bundles. Further, the method can include a step of incorporating one or 
more additional materials into the high density arrays. Also, the method can indude a step 
of interrogating the high density array. 
Acc»mMiitg a Bundle of Target-Strands 

30 Arraysbundle of taiget-straxKls can be produced by a number of methods. For 

example, a bundle of targets-strand can be produced by first filling tubes witii taiget 
substances or with taiget suhstanres in combinaticm with a matrix. The taiget substance can 
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be enclosed wittain tbe matzix without being chmically bound to the coatiix or can be 
attached to the matrix by oovalent forces, by ionic forces, by hydrogen bonding or by oth^ 
forms of attacfaxneot The tubes aie then arranged and secured substantially paralldi to thdr 
long axes to produce the bundle of taiget-stiands* 

S A bundle of tatget-strands can also be produced by first coating or 

intpregnating a sqiport, soch as a mmhrane, fiber, tube^ or rod, with a target substance, or 
by applyir^ solutions of target substance onto a siq>port with a fountain pen nib sudi as an 
artistes crow V quill pen nib or an air-brush, or by ink*jet printing, embossing or diermally 
transfieiring solutions of target substances cmto a support Next, these supports are stacked, 

10 rolled or folded to pnxhice the btmdle of target-strands. The resultant buiuile cmtains rows 
of target substances that are aligned relativdy parallel to the Irag axis of target substance 
q^lication. 

Secttoning the Bundtes to Produce the Arrays 

After assembling, the bundles are sectioned to produce the arrays. The bimdles 

IS can be sectioned with a rmai>tome, laser, saw, hot wire or other cutting devi 

wiU be underwood by those with skiU in the art with refeirace to the disdc^^ The 
sectioning can result in a high density array wiQi target substances having any of a wide 
variety of thicknesses. For example, the array can have targ^ substances with a thickness of 
b^ween about 0.1 laa to about 1 mm or thicker. Further, unlike prior known methods of 

20 producing arrays, the method disclosed herein can readily produce arrays having target 

substances with a thickness of greater than SO ^m. lliis is advantageous as it can increase 
the signal generated by the target substance as compared to signals generated by target 
substances on thinner arrays. 

In a prcfened embodiment, the assembled bundle has targ^-strands which 

25 have long axes substantially pffin^l^'J to each other and the bimdle is sectioned substantiaUy 
perpendicular to the long axes of the target-strands to produce the high density arrays. Tbe 
sectioning can also be performed at an angle other than substantially perpendicular to the 
long axes of the target-strands, such as to produce oval arrays from a cylindrical bundle. 

Depending on tbe form of the bundle and the direction of sectioning, the 

30 sectiraing step can produce high density arrays with one, two or tiiree analytical axes, that is, 
Hgh density arrays having target substances in one, two or three Cartesian axes. For 
exanq>le, arrays with cme analytical axis can result from cross-sectioning a bundle having 
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tatget substaiuss lying in a single plane. Arrays with two analytical axes can result ficom 
cross-sectioning a bundle having target substances lying in a plurality of planes. Arrays witii 
two analytical axes can also be produced by combining multiple, single analytical axis arrays. 
Arrays with three analytical axes can be produced by combining multiple, angle analytical 

S axis arrays, by combining a single analytical axis array with an array with two analytical 
axes, or by combining a plurality of arrs^ with two analytical axes. 

For example, a high density array with one analytical axis can be produced by 
sectioning a bundle formed from target-strands made by dqx>siting target substances in 
parallel lines on a fiat membrane, where sectioning is performed in a plane perpendicular to 

10 the plane formed by the lines. Similarly, a high density array with two analytical axes can be 
produced by sectioning a bundle formed from target-strands compriang a stack of 
membranes, where each membrane has targ^ substances deposited in paraUd lines, and 
where secticming is performed in a plane pexpexidicular to the long axes of the target 
substance lines. Further, a h\ f^ density array with three analytical axis can be produced by 

IS stacking a plurality of higjh density array witt two analytical axes produced by this 
sectioning. 

Stabilhdng the Bundle of Tayget-Strands 

The method of producing high density arrays according to the present 
invention can also i^M^M'd^ a stq> of stabilizing die bundle of targ^-strands. Stabilization can 

20 im[»ave the ftmn or the fimctira of tte bundle or array, such as making the bundle easier to 
secdon, or isolating target substances from eadi other in the array. The stabilizing step can 
be poformed at any time during or after the assembly of the bundle of targ^-strands, as is 
qypropriate to the type of stabilization. For example, stabilization can be accomplished by 
embedding the bundle of target-strands in a matrix, such as epoxy^ polypropylene or 

25 polystyrene. 

IittCHrpfMrating Adffiifmal Materials into the Higfi Density Arrays 

Tlie method of producing high density arrays according to the present 
invention can also indude a st^ of incorporating one or more additional m a t e rial s into high 
density arrays during or after assembly of the bundle of target-strands, including afier die 

30 secticming step. These materials can improve the form or the function of the high density 
array. For example, die incorporation step can include adding antioxidants or microbial 
inhibitors or other substances to m^^intain the int^rity of the high density array over time. 
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Further^ the inooxpoiation step can include adding substances to the matxix 
which reduce backgnnrnd noise, such as a noofluoiesoent countet^ain, or which inoease the 
detecdcm signal. Similaiiyy tbe incorporatiQa step can include adding a sdntillant to the 
matrix to facilitate die d^ection of radioactive analytes« Also, the incorporation step can 
include adding co&ctors necessary far certain modes of ddecticm to the matrix, sudi as 
secondary enzymes which are necessary for enzymatic color development, or an energy 
transfier dye which can enhance &b detectim of a fluorescat label. Additionally, a sur£su:e 
of a high density array produced by the method disclosed herein can be caated with silver or 
another reflective material to enhance the amount of Light available for detection. 
IntoTogatiog the High Density Arrays 

The method of producing high density arrays according to the present 
inventicm can also indude a step of interrogating die high density arrays. In a preferred 
embodiment, die interrogating step is selected from the group of visual inspection with or 
without magnification, chemical depoation, dectrical probing, mechanical sensing and 
magnetic sensing. In another embodiment, die step of interrogatiiig comprises placing the 
army in dose proxinodty to a collection of inteidigitated electrodes and measuring capadta n ce 
changes resulting from interactions between (he target substances on the high density array 
and the interdigitated electrodes. 

Pinoductkm of flOi^ Dnsity Amys fircm Bundles Cmnprisins Fibers 

In €«e embodinunt, high density arrays are produced firom bundles of targ^- 
strands comprising fibers or threads. The fibers or threads can comprise natural or sjoithetic 
material selected from the group consisting of cotton, dlk, nylon, and polyester, or can be 
other materials as will be understood by diose with skill in die art with reference to die 
disdosure herein. 

In a preferred embodiment, the bundles of target-strands are produced by 
duectly impr^nating fibers with an aqueous soludon of die target substance. A series of 
such Gbers are impregnated with different target substances and the identity of each the target 
substance eadi fiber contains is recorded in a database. The fibers are washed to dute 
unbound target substances and are treated with a non-interfering substance to bliodc 
nonspecific binding sites on the fibers and the immobilized target substances. The fibers are 
then dried to fix the blocking agent to the fiber and to the immobilized target substances. 

Ihe fiber are then assembled into bundles with the location of each fiber and 
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its associated immobilized target ?Bihstance noted in ttie clatabasr.> The bundle of fibOT is 
piefmbly stabilized by mbedding or otherwise impregxiating tiie bundle in a matrix to 
pmvide structural soiqxxit to the bundle. 

The bundle is then sectioned substantially perpendicular to the long axis of the 
5 fibm using suitabteinstnmientation to pnsvide a pluraUty of high density ari^ Preferably, 
the sectioning results in a plmality of identical high density arrays. Hie identity and location 
of tte target substances on each array axe tracked through the information in die database. 
Hiese arrays can be ntiiig^ to simultaneously screen ai^ytes for the presence of specific 
properties, or can be utilized for other purposes as win be uiidmtood by those ^ 
10 the art with refierence to tlie disclosure herein. 

Referring now to Figures 1 to 3, there are shown respecdvdy, target-strands 
10 comprising a soies of coated fibers 12 impr^nated with known target substances; the 
targ^-strands 10 embedded in a matrix 14 and assembled into a bundle 16; and the bundle 16 
being sectioned to produce a plurality of identical high density arrays 18, where eadi array 
IS has target substances in two analytical axes. 

Production of High Density Arrays from Bundks Comprising Meaoobranes 

In cHie embodiment, hi gh density arrays axe produced from bundles comprising 
membranes. The membranes can conqnise thin planar sleets of a polymeric substance, or 
can comprise other matmals as will be ursderstood by diose with skill in the art with 
20 reference to the disclosure heandn. 

In a preferred embodiment, the bundles are produced by s^lying lines of a 
composition containing tiie target substances on die membranes by writing, drawing, printing 
or mbossing. The identity and location of each target substance is recorded in a database. 
The membranes are thai treated, if necessary, to fix the targ^ substances to the membrane. 
25 One membrane |Hroduced in this manner can be sectiCMied to produce a 

plurality of high density arrays, each array having target substances arranged in one 
analytical axis. Referring now to Figures 4 and there are shown respectively, bundle 20 
conqmfflng a membrane 22 having lines of known target substances 24 applied on the 
membrane 22; and the bundle 20 being sectioned to produce a plurality of high density arrays 
30 26, where each array has target substances arranged in one analytical axis. 

Alternately, a plurality of membranes produced in this marmer can be 
assembled into bundles with the identity and location of each immobilized target substance 
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noted in the database. Assmbly can comprise rolling or folding tlxe m«nbrane» or can 
comprise slacking a pluiaUty of target substance impiegoated mem If necessary, the 

buKQe is stabiliTed such as by embedding or otherwise impr^nating the bundle in a matrix 
to provide structural support to the biuuUe. 

The bundle is then sectioned substantially perpendicular to the long axis of the 
target substance lines on the membranes using suitable instrumentation to provide a plurality 
of faigb density arrays, where each array has target substances arranged in two analytical 
axes. Preferably, ttie sectioning results in a pluraUty of identical high densi Hie 
location arul identity of die target substances are tracked through tiie information in the 
database. These arrays can be utilized to simultaneously screen analytes for the presence of 
specific properties, or can be utilized for other purposes as will be understood by diose with 
skin in the art with reforence to the disdosure herein. 

Referring now to Figures 6 to 8» there are shown respectively, a plurality of 
membranes 28 having lines of target stibstanoes 30 applied on each mexxtbranes 28; the 
membranes 28 stadoed and stabiliTgri to form die bundle 32; and the bundle 32 being 
sectioned to produce a plurality of high density arrays 34, where each array has target 
substances 28 arranged in two analytical axes. 

Referring now to Figures 9 to 11, there are shown respectively, a membrane 
36 having lines of known target substances 38 sailed on membrane 36; die membrane 36 
being rolled and fffaiK^^iTBrf to form a bundle 40; and the bundle 40 being secticMied to produce 
a plurality of high density arrays 42, where each array has target substances 38 arranged in 
two analytical axis. 

Production of High Density Arrays from Bundles Ci»nprising Tubes 

In one embodiment, high density arrays are produced from target-brands 
conqnising tubes. The tubes can comprise polyimide, aylon, polypropylene, polyurethane, 
silicone, ethyl vinyl acetate, stainless steel, copper, glass, or fosed silica, or can be other 
materials as will be understood by those with skill in the art with reference to the disclosure 
herein* 

In a prefened onbodiment, target-strands are produced by coating tiie inside 
of die tubes widi an aquecHis solution of die targ^ substance such that the target substance is 
absort>ed, adsorbed or covalently bound to the interior surface of die tubes. Alternately, the 
tubes can be filled with the target substances with or without embedding the target substances 
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in a matrix. A series of such tubes aie produced by ooadng or filling the tubes with difTereflt 
target substances and the identity of each target-strand and the target substance it contains is 
recorded in a database. 

Hie tubes are then assembled into bundles with the location of each tube and 
5 its affff or igt^ target substance noted in the database. The bundle of tubes is preferably 
stabilized by ftmbydding the bundle in a matrix to provide structural support to the bundle. 

The bundle is then sectioned substantially perpendicular to the kmg axis of the 
tubes ^gig^g suitable instrumentatioa to provide a plurality of high density arrays* PrefiQrably> 
die secdoning results in a plurality of identical high density arrays. The identiQ^ and location 
10 of die target substances are tracked through tiie information in the database. These arrays 
can be utilized to simultaneously screen analytes for the presence of specific properties, or 
can be utilized for o&sr purposes as will be understood by tiiose with skill in the art widi 
refesence to die disclosure herein. 

Referring now to Figures 12 to 14, diere are shown respectively^ targ^-strands 
15 44conqmsinga$eriesof tubes 46 filled widi known target substances 48; die target-strands 
44 onbedded hi a matrix SO and assembled into a bundle S2; and the bundle 52 being 
sectioned to produce high density arrays 54» where each array has target substances 48 
arranged in two analytical axis. 

EXAMPLE! 

20 F^miuctionaiidVseofHiE^Den^ Arrays Compri^ 

The method pf producing high density arrays firom a bundle comprising fibers 
or threads according to the present invention is used to produce high density arrays of DNA 
target ffi?b!tfan<^ as fbUows. Cotton diread is evaluated for wetability by an aqueous solution 
by dipping tlie tiiiead in water. Water beading on the sur&ce of die thread indi c a t e s that die 

25 thread could have binders, oils or other tnptpria^ on its sur&ce that can negativdy affect die 
w^ability of the thread for produdng target-brands. If beading occurs during the wetability 
test, the threads should be washed in methanol^ ethanol or another suitable solvent misdble 
with water to rmove the undesirable materials. The threads are then placed in water and the 
water exchanged several times until each diread is fiilly wetted. 

30 Next, the threads are transfiened into an aqueous solution of a polymeric 

cationic substance sudi as poly L-lysine and allowed to equilibrate widi the poly L-lysine 
solution for a few hours. The threads are removed from the pcdy L-lyane solution and dried 
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to fibc the poly I^lyane to the surface of liie thieads. After fixation, the threads aie wadied 
in biifia:ed solution and the buffer is exchanged several times. The threads are removed 
fiom the buffer and allowed to dry* 

Hie threads are then cut into lengdis^ varying from a centim^er to a fiew 

S nieicnr as appropriate to the dimensicms of the bundle being constructed. Each thread 
destined for the bundle is preferably cut to the same lengA. 

Next, each cut tfiread is placed in contact with a solution of DNA having a 
spedfic known sequence that is to be the imnK>b^^ Hie DNA sequence 

is prefierably different for each thread. The DNA used shouhl preferably be single stranded 

10 if it is to be utilized for nucleic add hybridization studies, but can otherwise be left in double 
stranded form. The DNA can be from natural sources sudi as plasmid preparations^ yeast 
artificial chromosomes, BAC libraries, YAC libraries or other DNA libraries such as 
expressed sequence tags, or can be synthetically produced by the polymerase chain reaction 
or other synthetic processes. The thread and the DNA solutira are in cu bated for a period 

IS ranging from a few minutes to a few hours, as is needed to fully saturate tfie available 
binding sites on the ditead ^tii DNA. 

The DNA coated tiireads are dien dried in an oven at approximatdy 60**C for 
a period sufficient to affix the DNA to the threads. Alternatively, the DNA can be fixed to 
the threads by w^ting die dried DNA coated thread with 100% etfaanol or methanol for a few 

20 minutes and allowing fbc threads to dry. The identity of eadi thread and its sequence of 
immobilized DNA target substance is recorded in a database. Next, the threads are 
individually washed in a buffer such as Ix TEST SUBSTANCES (10 mM tris, 1 mM EDTA, 
pH 7.6) to remove unbound DNA fiom fte thread. The DNA coated direads are again dried. 
A bundle of DNA coated threads is then assembled by placing the threads 

25 paraUd and adjacent to one another with the location of each thread in the bundle and its 

associated DNA recorded in the database. The bundle of threads is stabilized by embedding 
it in a matrix such as polymethacrylate, epoxy resins, polyethylene glycol, paraffin waxes, 
gums, poly acrylamicte and other similar materials which can, preferably, be handled in 
liquid form at devated tempmture or in unpolymerized form suitable for embedding the 

30 threads. The embedded threads are allowed to hanlen or to crosslink to impart a rigid 
structure to the bundle. 

In a preferred embodiment, the threads are prevented from becoming fully 
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inqiregiiated with wnheririrng matrix and sequestering flie immobilized DNA by coatixig the . 
threads with a substance such as gdatin, sucrose or polyvinyl alcohol^ to which the matrix is 
inq)ermeant This is accomplished by wetting the threads bearing the fixed, immd)ilized 
DNA in a solution containing firom about 0.01% to about 10% by weight of the substance 

5 and aUowing the threads to dry before being embedded in ^ matrix. 

Ihe stabilized bundle is tisen sectioned popendicular to the long axis of the 
threads using a microtCHDe or samilar device to create a plurality of high doisity arrays 
preferably having a thickness of between about 0.1 and 100 micnms. Each resultant high 
den^ty array has die same pattern of DNA sequences in spedfic spatial regions or zcmes of 

10 the array with the target substances arranged in two analytical axis. 

One use for these DNA arrays is to detect labeled DNA sequences in an 
sample which are complimentary to single stranded DNA target substances in the array by 
innihating the Sample and array under hybridizing conditicxis for a sufficient i>eriod of time 
for hybridization to occur. Unhybridized DNA is rranoved by washing. The labels are then 

IS detected and tiiezmes providing signal are ddermined. These zones are conqsred to the 
database containing the identity of the DNA target substances on the array to establish die 
identity of the labeled DNA in the sample, 

EXAMFLEn 

Production and Use of Higji Density Arrays Comprising Peptide Coated llireads 
20 Tb& method of producing high density arrays from a bundle comprising fibers 

or threads according to the present invention is used to produce high density arrays of peptide 
target substances as follows* Cotton thread is evaluated for w^ability by an aqueous solution 
by difqnng the thread in water* Water beading on the surface of the thread indicates that the 
thread could have binders, oils or (rther materials on its sur&ce that can negatively affect die 
25 wetability of the thread for producing target-strands. If beading occurs during the wetability 
test, the threads dundd be washed in medianol, ethanol or another suitable solvent miscdble 
with water to remove the undesirable materials. The threads are then placed in water and the 
water exdianged several times until each thread is foOy wetted. 

Next, the threads are transferred into an aqueous solution of a polymeric 
30 catumic substance such as poly Lrlysine and allowed to equilibrate with the poly L-lysine 

solution for a few hours. The threads arc removed from the poly L-lyme solution and dried 
to fix the poly L-ly^ to the surface of the threads. Aft^ fixation, the threads are washed 
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in buffered solution and the buffer is exchanged several times. The tiiieads are removed 
from the bufiar and allowed to dry. 

The threads are dien cut into lengths, varying from a cratim^er to a fiew 
meters, as qypitqxriate to ^dimensions of the bundle bei% Eadi thread 

5 destined for the bundle is prefCTbly cut to the same length. Cotton thread is evaluated for 
wetability by an aquecHis solution, tiansfened into an aqueous solution of a polymeric 
catiooic substance such as poly Lrlyalne, and allowed to equilibrate with the poly L-lysine 
soluticMi for a fiew hours. The threads are rmoved from the poly Uysine solution and dried 
to fix tte poly L-Iysine to the sur&ce of the threads. Aftst fixation, the threads are washed 

10 in bufifered soluticm and the buffer is exchanged several times. The threads are removed 
from the bu£fer and allowed to dry. 

Next, eadi cut thread is placed in contact with a dimethylsulfoxide (DMSO) 
solution of pqitide having a spedBc known sequence whidi is to be the immobilized target 
substance. Tte pqytide sequem^ is preferably diffisent for e^ Individual pq>tides 

IS for use as targ^ substances are obtained commercially or are made by Merifield synthesis, 
(such as discussed in Bodanszky, M. and Tcoust, B. Eds. Principles of Peptide Synthesis, 
2nd ed., Springer-Vaiag, New York, 1993, incorporated by reference in its entirety), as will 
be understood by those with skill in tiie art with reference to the disclosure herein. Each 
thread and peptide solution are incubated for a period ranging &om a few minutes to a few 

20 hours, as is reeded to fiilly saturate the available binding sites on the thread with pqytide. 

The peptide coated tiueads are blotted free of excess DMiSO soluticoi and then 
incubated with mixed pentanes or an equivalent substance to precipitate the peptides onto the 
sur&ceof thedueads. The pq»tide coated threads are dried at room temperature or between 
about 60*^0 and TO^'C, with or without a vacuum. The identity of each thread and its 

25 sequence of iinmobilized peptide target substarice is recorded in a database. Thepqitide 
coated threads are then washed in aqueous buffer such as 0.01 to 1.0 M tris pH 7.0 or 
phosphate bufii^ saline pH 7.0, such as 120 mM sodium chloride, 2.7 mM potassium 
diloride and 10 mM phos[rfiate (available from Sigma Chemical Co., St. Louis, MO, USA) 
to remove unbound peptides from the threads and dried again at room temperature or 

30 between about 60^C and 70*'C, widi or without a vacuum. 

A bundle of pqitide coated threads is then assembled by placing the tiueads 
parallel and adjacent to one another with the location of eadi thread in the bundle and its 
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assfKiatcd pqrtide leooErded in the database. The bundle of threads is stabilized by 
embedding it in a matrix such as polymethacrylate, epoxy resins, polyethylene glycol, 
pazafiin waxes, gums, poly ai^lamide and other similar materials which can, preferably, be 
haiuQed in liquid ftmn at elevated temperature or in unpolymerized form suitable for 
5 embedding the threads. Ilie embedded threads are aUowed to harden to cnmlink to 
impart a rigid structure to the bundle. 

In a preferred embodin^t, the threads are prevented from becoming fully 
imptegpated with embedding matrix and sequestering the imnu4iilized peptide by coating die 
tlireads with a substance such as gelatin, sucrose or polyvinyl alcohol, to which die matrix is 

10 impenneanL This is accomplished by wetting the threads bearing the fixed, immobilized 

DNA in a soluticm containing from about 0.01 to about 10% by weight of the substance and 
allowing the direads to dry before being embedded in the matrix. 

The stabiliysed bundle is then sectioned perpendicular to the long axis of tte 
threads using a microtome or similar device to create a plurality of high density arrays 

IS prdcrably having a thicimess of between about 0.1 and 100 microns. Each resultant high 

density array has die same pattern of peptide sequences in spedfic spaii2l r^ons or zones of 
the array. 

One use for these peptide arrays is to detect the presence of antibody analyte in 
a sample, where the antibody is oqnble of binding to at least cme pqidde target substance on 

20 thearray. Tlie presence of the antibody analytes is d^ermined by incubating the sampte 
array under suitable conditions for a sufficient period of time for binding between the 
antibody analyte to ooctir. Unbound sample is removed by wadiing. The bound antibody is 
then detected using biotinylated secondary antibodies and labeled streptavidin d^ocdon such 
as alkaline i^iosphatase, fluorescein or gold labeled streptavidin, according to tedmiques 

2S known to diose with skill in the art, and the identity of the peptide target substances on the 
zones displaying binding are established by reference to the database. Binding indicates the 
presence of antibody having an qutopic domain for the peptide in the zone. This binding can 
be evidence of exposure to or infection by an organism, if the sample was derived from a 
patient's senun. 

30 EXAMFLEm 

ProdDction and Use of Hig^ Density Arrays Comprising DNA Impr^nated on a 

Membrane 
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The m^od of produdng high domty anays of target substances aoanding to 
the present invention was used to create anays from DNA imprcgpaXed on a membrane as 
follows. The Sacchazoroyces Genome Database al Stanford UnivCTity, Palo Ato 
California, USA was used as a source for identifying naturally existing genomic sequences. 

5 Using this info(rmation, 16 oligonucleotides having similar melting tempeiatures were 

nuidondy sdected from the yeast genome as target subsl^^ Each sequence was between 
28 and 35 nnclf o tirff^ and was synthesized by standard cyanoethyi^hosphoramidite chemistry 
according to the mediod disclosed in Gait, M.J., Ed., OUgofwdeoOde SynAesis: A Practical 
4B>roflc*,IRL Press, Oxford. 1984. Each target substance sequence had 100 thymidine 

10 residues at the 3' end to binding of the oligonucleotide to the membrane. See, for 

cjcample, Eriich, Henry A. and Bugawan, Teodorica L., HLA Class n Gene Potymorphism: 
DNA Typing. Evolution, and Relationship to Disease Susceptibility in PCR Technology: 
Principles and Applications for DNA Amplication, Stockton Press, New York, pp. 193-208, 
1989, inccHporated herein by reference in its entirety. The 16 target substances, labeled #1 

IS through #16, were individually dissolved in diethylpyrocarconate treated water to a final 
cmcentradon of 10 ug/^. 

The target aifritfanceff were applied usng an application nib having a reservoir 
with a capacity of 11 fd connected to die tip by a small capillary channel. The nib was used 
to draw lines of target substances approximately 1 mm to 3 mm apart on 20 cm x 20 cm 

20 membranes of Hybond'™* N-hciarged nykm membranes (Amersham, Arlington Heights, IL, 
USA). The nib reseaifoir was filled with 10.5/il of a solution of the first of the 16 target 
substances ushig an Bg^eadorP 2-10 fd pipetor. 

The first membrane, membrane #1, was placed on a dean, flat tabletop with 
the y ^p^ of a waxed paper larger than the membrane that was used as a sqnrator in the 

25 manu&cture's packagiiig placed b^ween the rnembrane and the tabletop. The nib was 
aligned such that both sides of the capillary cbaonel touched the waxed pe^er about 1 cm 
from the edge of the membrane and the nib was smoothly drawn across the waxed paper and 
membrane manually using a ruler as a guide to draw a straight line of target substance 
parallel to one edge of the mooibrane. The solution of target substance was drawn out of the 

30 nib arid exhausted after drawing a line ^jpnmn^ This cycle was 

repeated for each soludcm of target substance on the first membrane until membrane PI 
comprised 16 parallel lines of different DNA target substances a^iproximately 1 mm to 3 mm 
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apart from each other. 

This pzoceduie was repealed to produce two additional manbranes, 
membnuies #2 and #3, except that each solution of DNA target substance was applied three 
times consecutively resulting in a total of 48 paraUd lines of target substances on mranbrane 
il and #3. Each line of target substance was labeled for identification purposes on all of the 
membranes. 

Hie membranes oompriang the lines of DNA target substances were allowed 
to air dry for about 2 hours and were then crosalinlcBd by sqypUcation of 1200 ^joules of UV 
dectromagnetic radiation for 35 seccmds using a Stratagene 2400 Stratalinkei^ (Stratagene, 
La JoUa, CA, USA). Starting with the edge of the membrane ccMitaining the leading edge of 
the target substance lii^, cme strip about 2 cm in width by 20 cm in length was cut from 
eadi of the tliree membranes so that the lines of target substances were parallel to the 2 cm 
edge of the strips. 

Radioactively labded DNA pxdbes which were complimentary to the sequence 
of targ^ substances #1 and S7 wereprqared nang standard techniques. Hybridization was 
attempted between the radioactivdy labded probes and an array produced from membrane #1 
using standard techniques. In summary, the DNA oligonudeotides was labeled using the 
Ready to Go Enase^ kit (Miarmada, Piscataway, NJ, USA) using ganmia-^P-ATP QCH 
Radiochemicals, Irvine, CA, USA) according to the manu&cturer's instructions. The labded 
probes were purified using I^Gck^ columns (Pharmacia) according to the manufacturer's 
instructions, and diluted to s^qnoximatdy 1x10^ q>m/ml. 

Prefaybridization and hybridization was performed using 10 ml HyperHyb™ 
buffer (Research Genetics^ Inc. Huntsville, AL, USA) according to the manufacturer's 
instructions in a Mini-^ hybridization oven (Hybaid» Ltd., Nfiddlesex, \JK) at 42''C for one 
hour each. Post-hytnidization washes were performed using three 10 ml washes for IS 
minutes each in IxSSC, 0.019S sodium dodecyl sulfate (SDS) at 42''C. A final wash was 
pCTformed in 100 ml of the IxSSC (0.15 M NaQ, 0.015 M sodium dtrate, pH 7.2) 
(Research Genetics), 0,01 %SDS buffer (Sigma) at 42''C for IS minutes. A final rinse was 
performed in 10 ml IxSSC buffer. The membranes were then air dried for 1-2 hours at room 
temperature. 

Autoradiogn^y was performed by placing the arrays in contact with 
Momax"™ MS or MR x-ray film (Eastman Kodak, Rochester, NY, USA) at room 
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tempetature for betweea about V& hour to 4 hours UDtil the desired image intensity was 
obtained. M ptobes hybridized wiA the ^ypiopriate target subs^ 
demonstrating tfiat the DNA targ^ substances were attached to the membrane and available 
for probing, and that sudi probing gave spGd&c, non*ambiguotts hybridization results* 
5 Next, tte ranaining 20 cm by 18 cm portion of membranes ffl, 2 and 3 were 

used to produce aiiays as follows. Hie membranes were immersed in 3% teleostean gelatin 
(Sigma) in deionized water and were incubated overnight at room temperature to block the 
membranes. Ilie membranes wexe then washed three times in 600 ml of ddonized water to 
remove unbound gdatin. The membranes were blotted free of excess moisture between two 

10 she^ of 903 blotting p^per (Schleicher and Scfauell, Keene, NH, USA ) and allowed to air 
dry at room temperature overnight 

Next, a 2 cm by 20 cm strip was cut from each of the three membranes #1, 
#2, #3 perpendicular to the lines of target substances with the 2 cm edge paralld to ttie lines 
of targ^ substances. Eadi of the strqis was tightly rolled about an axisparalld to the lines of 

IS target substances to produce a cylinder wift the portira of the membrane which did not have 
targ^substancesapplied to it being the innermost part of the cylinder. Qear nail polish was 
used to seal the &ee 3 mm edge of ihe strips to prevent the cylinder from unwinding. Eadi 
cylinder was immersed into a plastic bulb L2S cm by 7.5 cm filled with unpolymeiized LR 
White^ soft embedding media (Sigma) prq)ared according to the manu£acturer's instructions 

20 until die cylinder became fully impregnated by the media. Each cylinder was then placed at 
the base of the media filled bulb, centered and allowed to polymerize overnight at 60**C. 
Each bulb containing an embedded cyliiuler was removed and placed at ambient temperature 
and polymerizatira was observed to be complete. 

A phurality of arrays iq>pro3dmately 10 microns thick was then produced by 

25 rqieated sectioning each embedded cylinder perpendicular to its long axis, that is 
perpendicular to the Img axis of each line of target substance. The sectioning was 
acconq>lidied using a hand microtome, model DK-10 (Edmund Scientific, Barrington, NJ, 
USA). 

Radioactively labeled DNA prcA>es which were complimentary to die sequence 
30 of target substances ffl and #7 were prepared using standard techniques. Hybridization was 
attempted between the radioactively labeled probes and an array produced from membrane #1 
uang standard techniques. In summary, the DNA oligonucleotides were labeled using the 
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Ready to Go Enase™ kit (Pharmacia, Piscataway, NJ, USA) using gammar^-ATP (ICN 
Sadiodiemicals, Irvine» CA, USA) according to the manufacturer's instructions. The labeled 
prdbes were purified using Nick^ columns (Pharmacia) according to the manufacturer's 
instructions, and diluted to 1x10^ cpm/mL 
5 Ptdiyimdizatioo and hybridization was performed using 10 ml HyperHyfo"^ 

buffo- (Research Genetics, Inc. Huntsville, AL, USA) according to the manufiacturer's 
mstructions in LS nd screw-cap microcentrifuge tubes at 42 C for one hour in a Mim-6 
hybridization oven (Hybaid, Ltd., Middlesex, UK) at 42*'C. Post-hybridization washes were 
poftmned using three LS ml washes for 15 minutes each in IxSSC, 0.01 % sodium dodecyl 

10 sulfete (SDS) at 42*^0. A final wash was performed in 100 ml of the IxSSC (O.IS M NaQ, 
0.015 M sodium cttrate, pH 7.2) (Research Genetics), 0.01 %SDS buffer (Sigma) at 42°C for 
15 minutes, a final rinse was performed in 10 ml IxSSC buffer. The arrays were then air 
dried for iq^proximately 15-30 minutes. Autoradiogr^hy was performed by pladng the 
arrays in ccxitact with Komax^ MS or MR x-ray film (Eastman Kodak, Rodiester, NY, 

15 USA) at room temperature for between about V& hour to 4 hours until the desired image 
intensity was obtained. Photographs of die developed autoradiographies were then made. 

Hybridization was attempted between die radioactivdy labeled probes and an^ 
array produced fiom membrane #1 using standard techniques. All probes hybridized with 
die appr o pr iate targ^ substance on the array demonstrating that the DNA taxg^ substances 

20 were attached to die membrane and available for probing, and that such probing gave 
spedfic, nozH ambiguous hybridization results. 

The arrays were tested for fimctionality as follows. A radioacdvely labeled 
DNA probe conq>limentary to target substance #1 was used to probe an array produced from 
membrane j!f2. Refening now to Figure 15, there can be seen a photogr^h of the 

25 autoradiogn^ of the result As can be seen, hybridization between the probe and three 

zones on the array containing target »ibstance ffl occurred, with minimal cross hybridi2ation 
for the other 45 zones rqnesenting the remaining 15 DNA target substances. Hence, the 
array demonstrated both fimcdonality for hybridization shidies as well as specificity. 

Next, an array produced from membrane iti was probed widi radioacdvely 

30 labded DNA conqyiimentary to target substances #1 and if?. Referring now to Figure 16, 
there can be seen an autoradiograph of die result. As can be seen, hybridization between the 
probes and six zcmes on the array occurred, with minimal cross hybridization for the otfa^ 42 
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zones iqnesentiiig tbe remaining 14 DNA target substances. 

AltbiDugh the present invention has been disnisscd in consideiable detail with 
reference to certain preSened embodimmts, other embodimats are possible* Therefore, the 
spirit and scope of the appended chdins should not be limited to the description of preferred 
embodiments contained herein. 
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I. A method of piodudng high densi^ arrays of target su^ 

step of sectioziing a bundle of target-strands» wbieiein the target-strands comprise the 
target substances, and wherdn the sectiraing reoilts in a high densi^ array. 
5 2. The method of daim 1, further indudixig the step of stabilizing the bundle. 

3. The method of daim 1» furtha* including the stq> of incorporating an 
prfrfif^^ ^i fnatertai jnto the bundle. 

4. The medkod of cbdm 1, further induding the step of intexrogating At high 

density array. 

10 5. The me&od of daim 1^ ulierein at least one of the target substances in the 

sectioning stq> is sdected from tiie group consisting of anc» sulfur, gold, {wlynudeotides, 
DNA, RNA, peptides, proteins, glycoproteins, lipoproteins, carbohydrates, lipids, 
immunoglobulins, viruses, dmnnosomes, mitochondria, prokaryotic cells, archad>actma, 
eukaryotic cdls; metallic alloys, cenunics, glasses, semiconductors, superconductors, 

IS plastics, polymedc materials, wood, fabric and concrete. 

6. The m^hod of daim 1, wherein ttte bundle in the sectioning step 
comprises a target-strands selected from &e group consisting of a cast rod of target 
substance, a targ^ substance absorbed onto a glass fiber, a target substance absorbed onto a 
silk thread, a target substance attadied to a polymer fiber, a targ^ substance mbedded in a 

20 porous rod, a targ^ substance coated m a metal wire, a target substance contained within a 
matrix of gelatin, a Une of a target substance drawn on a glass slide, a line of a target 
substance drawn m a mmbrane, and a target substance attached to the inside of a tube, 

7. The method of daim 1, wtierein the secticming is performed with a cutting 
device selfinrpid frmn tte group consisting of a microtome, laser, saw, and hot wire. 

25 8, Ihe method of daim 1, wherein ttie secticming is performed such that the 

resultant high density array has a tfaidmess of firom about 0.1 fim to a about 1.0 nun. 

9. The m^od of claim 1, wherein the sectioning is performed such that the 
resultant high density array has a tliickness of greater than SO ;im. 

10. The m^hod of daim 2, wherein the stabilizing step is poibrmed by 
30 embedding the bundle in a material sdected from the group consisting of epoxy, 

polypropylene and polystyrene. 

II. The method of daim 3, wherein the additicmal material is sdected horn 
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tbe group consisting of an antioxidant» a microbial inhibitor, a nonfiuoresoent counterstain, a 
seccHidary enzyme and a reflecting substance. 

12* The m^iod of claim 4, whodn the interrogating stq) comprises an 
activity selected from ti^ groiq> consisting of visual inspection^ diemical depositionp 
electrical probii^, merJiantcal sensing, magnetic sensing and measuring capacitance changes 
xesulting from interactions between the targ^ substances on the high density array and 
itttentigitntfd electrodes* 

13* A high density array produced according to claim 1. 

14. The hi^ density array of claim 13, wher^ the target substances are 
present in one Cartesian axis. 

15. The hi^ density array of daim 13, wherein the target substances are 
present in two Cartesian axes. 

16« The high density array of daim 13, wherein the target substances are 
present in three Cartesian axes. 

17, A high density array of target substances produced by sectioning a bundle 
comprising a plurality of target-strands, wherein the plurality target-strands comprise target 
substar^es. 

18. The high density array of claim 17, wherein at least one of the target 
substances is sdected fiom tiie group consisting of zinc, sulfiir, gold, polynucleotides, DNA, 
RNA, peptiites, proteins, glycoproteins, lipoproteins, carbcAydrates, lipids, 
immunoglobulins, viruses, duonK>S(Hnes, mitochondria, prokaiyotic ceUs, archaebacteda, 
rakaryotic cdls; metallic alloys, ceramics, glasses, semiconductors, superconductors, 
plastics, polymeric materials, wood, fabric and concrete. 

19* Tbe high density array of daim 17, wherein the bundle comprises a 
target-strand selected from the group consisting of a cast rod of target substance, a target 
substance absort)ed onto a glass fiber, a target substance absorbed onto a alk thread, a target 
substance attached to a polymer fiber, a target substance embedded in a porous rod, a target 
substance coated on a metal wire, a targ^ substance contained within a matrix of gelatin, a 
line of a target substance drawn cm a glass slide, a line of a target substance drawn on a 
membrane, and a target substance attached to the inside of a tube. 

20. The high density array of claim 17, further comprising a substance 
selected from ttie group ccmsi^g of epoxy, polypropylene and polystyrene. 
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21. The high density array of claim 17, further comprising a material selected 
firom the group consLstii^ of an antioxidant^ a microbial inhibitor, a nonfluorescent 
counterstain, a secondary enzyme and a reflecting substance 

22. Hie high density array of daim 17, wherm the target substances are 
present in two Carteaan axes. 

23. The high density array of daim 17, wherein the target substances ar^ 
present in two Cartesian axes. 

24. The hi^ density array of daim 17, wherein the target substances are 
present in two Cartesian axes. 

25. The high density array of claim 17, wherein the targ^ substances are 
present in three Cartesian axes. 

26. A high density array of claim 17 having a tfaiclmess of firom about O.I ftm 
to a about 1*0 nmi. 

27. A high denfflty array of daim 17 having a thickness gxeater than 50 foa. 

28. Aniediodof producing a high density array comprising the step of roUing 
a membrane impregnated with lines target substances to produce a bundle. 

29. The m^od of daim 28, further comprising the step of sectioning the 
bundle to produce a plurality of high density arrays. 

30. A method of producing a high dmsity array comprising the step of 
stadong a plurality of membranes inqnegnated widi lines target substances to produce a 
bundle. 

31. The method of daim 30, further contprisdng the step of sectioning tte 
bundle to produce a plurality of high density array s. 

32. A method of ascertaining gene sequraces, detecting the presence of 
gen^c mutations, drtecting the qualitative or quantitative difiToential expressicHi of gene 
products, mapping qntc^c sequences that elidt immune responses, or identifying compounds 
for the devdopment of pharmaceutical agents, the method comprising the step of providing a 
high density array according to claim 13. 

33. A method of ascertaining gene sequences, detecting the presence of 
genetic mutations, dPTPCting the qualitative or quantitative diffetentiai expression of gene 
products, mqqiing qntopic sequences that elidt immune responses^ or identifying compounds 
for the development of pharmacratical agents, the method comprising the step of providing a 
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high <knsity anay according to daiin 17. 

34. A xdethod of ascertaining gene sequences, detecting the presence of 
genetic mutations^ detecting the qualitative or quantitative differential expression of gene 
products, tOBppng epitopic ^vf^^yg that elicit immune responses, or identifying compounds 
ftir the development of pharmaceutical agents, the m^od comprising the stq> of providing a 
high density array according to daim 28. 

35. A method of ascertaining gene sequences, detecti ng the presence of 
geo^ mutations, <H?<^"e the qualitative or quantitative diffiarential expression of gene 
products, mai^g epitopic sequences that elicit immune responses, or identifying compounds 
for die development of pharmaceutical agents, ttie method compiling the stq> of providing a 
high density array according to claim 30. 



wo 99/13313 

FIG. 



1 



PCr/US98/10243 



FIG. 2 




FIG. 3 




wo 99/13313 



PCr/US98n0243 



2/7 




FIG, 5 



24 



W099A3313 



PCTAJS98/10243 




FIG. 7 





wo 99/13313 



PCr/US98n0243 



4/7 



FIG, 9 




FIG, 10 



40 



wo 99/13313 



6/7 



PCT/US98/10243 



BEST AVAILABLE COPY 

FIG. 15 



wo 99/13313 



BEST AVAIUBLE COPY 

PCT/US98/10243 



7/7 

FIG. 16 



INTEBNATIONAL SEARCH REPORT 



Ir ttiomi AppOcstion No 

PCT/US 98/10243 



A. CLASSPCATON 0PSU8JECT ftlATTEft . ^ 

IPC 6 GOlNl/36 //GOlNl/06 



AcmidlngtDlitBmattonaiPatantCtnsftBteattpnOPQoftobi^ 



B. FIELDS SEARCHED 



MMmtffR dooffTwriatian eoarcftod (otassWcatton By&tam foSmmf byctassMcatton symbols) 

IPC 6 GOIN 



Doainwnialon eaaniwd otfwf than rrtnimumaDcumentaaon to (>» attant mat such domii»nl» aw ttdudad In the ftcMa ii»greh»d 



Bedmnio cBla bsse oorauisd durtng me tntamaUcraJ amvh (ruura ol (iata base and. vflnm practical, succti tsnrs laed) 



fcOOCUMEMTSCOWSIDeWEDTOBERagVAWT 



Cotagny' 



Ootlon a( dKannnl wtth indkallaiv apprapiiata, 01 Ilia 



Retsvanl ts datoi No. 



US 4 820 504 A (BAniFORA HECTOR A) 11 
April 1989 



see column 1, line 23 - line 55 

see column 3, line 25 - line 31 

see column 5, line 1 - column 6, line 39; 

figures 1-6 

US 4 914 022 A (FURMANSKI PHILIP ET AL) 3 
April 1990 



see column 4, line 64 - column 6, line 25; 
figures 

-/- 



1-8, 

10-15, 

17-24, 

26.28, 

29,32-34 



1-8. 
10-15, 
17-24, 
26,32.33 



m 



Furttwrdocunentoarelstodtnthe conttnuotion oT box C. 



Patent taffiif membor^ are listed tn amex. 



* S^Mdal catDQOhBO of oS9d doouments : 

*A* dKum8rtfdBntangtr«90Raral6aidoftheanwrtk:hte 

consideivd to b» of pnilkailar relevanco 
-e* earilerdooijmefilbutput>6shedonoraftdrthsManiaikN^ 

fUhgdatD 

X" deamwdwn»ehmaytt««wdoubtDonprfc>r^ 

wMch to cAed to MtebUeh the piMicatton date of another- 
cdatktf) or othor special raOBon (as epectfied) 

'Cr dooumer* referring to an ond dtecto&tre, UM, exMbmon or 



document pubftshad prior to the imamatlonalfltlng dale but 
tatsr than the pitorfty date daimed 



T later document pUiltahBd after the tntematkinatfiBng date 
or pdoftty date and not fen oonfUcI wtth the appficatkm but 
cSad to iffKMand the prine^ or theoiy indertyino the 
hwantlon 

•X* document of partkadarrelevann; the datniedlnverdon 
camol be constdered no¥at Of cannot be eensldered to 
Involve en bwenttm step wtttnme document la taksn atone 

~Y~ document otpaitlcularrelevBnoa; the daimadlmention 
earmot be consktered to InvoM anlmenUra step v^n the 
doouwent to combined wth one or more other ouch docu- 
mentB. such oonMntfon being obvtoua to a peraon sUOed 
^theart. 

*A* document meiTtwr of the oame patent Ibmfiy 



Date or the ootiui eomptslion o( thetntomattonal oearch 



24 August 1998 



Oateof maUtng at the Inlemaitlonal search report 



01/09/1998 



Name and maSing address of the ISA 

Eurapeen Patent Omoe, P.B. 5816 Patantiaan 2 

Tel. (431-70) 34a204a Tk. 31 051 opo n). 
feac («3I-7D} 340-3016 

Fom PCTRSAOID (snml 0iM« <J^ 1992) 



Authortisd officer 



Hodson, N 



page I of 2 



INTERNATIONAL SEARCH REPORT 


M Honal AppBeXlon No 




PCT/US 98/10243 


a(Conilnuttton) DOCUMENTS CONSIOERED TO BS RELEVANT 


Catagofy* 


Cttatton 01 document wtm tndlcatton.w«iero opproprtata of the islBvarA pwrnmyw 


RatavartttoctatmNa 


X 


EP 0 350 189 A (HOPE NAT MEDICAL CENTER) 


1-7.. 




10 January 1990 




12-15, 






17-19. 






OO Oil 

Z2-24 . 






32,33 




see column 2 - column 4; figures 




Y 

A 


"MULTI-YARN CROSS-SECTIONING DEVICE*^ 


1-5,7, 




RESEARCH DISCLOSURE, 


10, 




no. 328. 1 August 1991, pages 577-578, 


12-14, 




XP000217876 


17,18,20 




see the whole document 




X 


US 4 673 657 A (CHRISTIAN CLIFFORD N) 16 


I-IO, 




June 1987 


12-14, 






17-19, 






26,27, 






30-33,35 




see column 5, line 61 - column 8, line 22; 






figures 1-6 




A 


FODOR S P A ET AL: "LIGHT-DIRECTED . 


13-15, 




SPATIALLY ADDRESSABLE PARALLEL CHEMICAL 


17,18, 




SYNTHESIS" 


22,23. 




SCIENCE, 


28,30, 




vol. 251, no. 4995, 15 February 1991. 


32-35 




pages 767-773, XP000486a99 






cited In the application 






see page 767; figure 6 





P=om PCTASAOl 0 (oan»intton Of »aoend riwot) giir 19SS) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 


tnt tooal i 


M»pUeattonNe 


tftfonntfton on potent tamlly mc 




PCT/US 98/10243 


Patam document 


pubScation 


Patent family 


Publteatton 


cttBd In saaich report 


data 


membarts) 




date 



us 4820504 



11-04-1989 



OP 
AU 
AU 
CA 
OE 
DE 
DK 
EP 
FX 
JP 



63273056 A 
606329 B 
6869787 
1295218 
3786572 
3786572 
68787 
0238190 
870578 
63132163 



A 
A 
A 
T 
A 
A 
A 
A 



10-11-1988 
07-02-1991 
13-08-1987 
04-02-1992 
26t08-1993 
02-12-1993 
13-08-1987 
23-09-1987 
13-08-1987 
04-06-1988 



US 4914022 


A 


03-04- 


-1990 


NONE 








EP 0350189 


A 


1(H)1- 


-1990 


US 


5002377 


A 


26-03-1991 










AU 


653283 


B 


22-09-1994 










AU 


3045392 


A 


11-03-1993 










AU 


646984 


B 


10-03-1994 










AU 


3045492 


A 


08-04-1993 










AU 


629838 


B 


15-10-1992 










AU 


3789089 


A 


11-01-1990 










CA 


1322539 


A 


28-09-1993 










DE 


68919136 


D 


08-12-1994 










DE 


68919136 


T 


24-05-1995 










JP 


2161334 


A 


21-06-1990 


US 4673657 


A 


16-06- 


-1987 


EP 


0142914 


A 


29-05-1985 










US 


4708931 


A 


24-11-1987 










EP 


0139373 


A 


02-05-1985 










OP 


60104260 A 


08-06-1985 










OP 


60100055 


A 


03-06-1985 



